We present detailed elemental abundances of 12 subgiants in the open cluster IC 4756 including Na, Al, Mg, Si, Ca, Ti, Cr, Ni, Fe, Zn and Ba. We measure the cluster to have [Fe/H] = −0.01 ± 0.10. Most of the measured star-to-star [X/H] abundance variation is below σ < 0.03, as expected from a coeval stellar population preserving natal abundance patterns, supporting the use of elemental abundances as a probe to reconstruct dispersed clusters. We find discrepancies between Cr i and Cr ii abundances as well as between Ti i and Ti ii abundances, where the ionized abundances are larger by about 0.2 dex. This follows other such studies which demonstrate the effects of overionization in cool stars. IC 4756 are supersolar in Mg, Si, Na and Al, but are solar in the other elements. The fact that IC 4756 is supersolar in some α-elements (Mg, Si) but solar in the others (Ca, Ti) suggests that the production of α-elements is not simply one dimensional and could be exploited for chemical tagging.
INTRODUCTION
Understanding the formation of the Milky Way is a very challenging task. Among the major challenges are the following: (1) although stars form in aggregates, they disperse due to dynamical influences, and the kinematical data we can measure today, such as radial velocity and proper motions, carry little information on the site and epoch of the star formation and (2) we are restricted to a small survey volume around the solar neighborhood.
Measuring elemental abundances of stars in open clusters/moving groups with high-resolution spectrograph helps us to shed light on these problems. Elemental abundances are shown to be powerful tools to uncover the natal conditions of stars (Freeman & Bland-Hawthorn 2002) because stars that were formed with the same gas cloud should carry the same pollution history of the gas, either due to supernova ejecta (e.g Woosley & Weaver 1995; Chieffi & Limongi 2002; Kobayashi et al. 2006) or due to stellar mass loss from low-mass stars especially during the asymptotic giant branch (AGB) phase (e.g. Vassiliadis & Wood 1993; Karakas 2010) . A growing number of recent studies (e.g. Bland-Hawthorn, Krumholz & Freeman 2010;  from [Fe/H] 1 ≃ -0.22 (Thogersen, Friel & Fallon 1993 ) to more recent values of 0.03 (Santos et al. 2009 ) and 0.05 (Smiljanic et al. 2009 ) using high-resolution spectroscopy. IC 4756 was previously studied by various groups, including Gilroy (1989) , Luck (1994) , Jacobson et al. (2007) , Santos et al. (2009) , Smiljanic et al. (2009) and Pace et al. (2010) . Most recent authors, including this study, found that IC 4756 has about solar metallicity. However, Jacobson et al. (2007) found that [Fe/H] ≃ -0.15.
In this paper, we explore the abundances of 12 subgiants in IC 4756, most of which have previously not been studied, thereby extending the total sample size. Further, we extend the list of elements being measured by including Zn and Ba that have not been measured with a large and homogeneous sample. Ting et al. (2012) showed that Fe-peak elements such as Zn are important to distinguish different origin of clusters or stars that have distinctive pollution history, presumably from more energetic core-collapse supernovae (Umeda & Nomoto 2002 , 2005 . They also showed that neutron-capture elements, such as Ba, are crucial to distinguish the origin of metal-rich stars and clusters, as it is a telltale imprint of chemical evolution via the AGB slowprocess (s-process) nucleosynthesis mechanism (for a review, see Busso, Gallino & Wasserburg 1999; Herwig 2005; Käppeler et al. 2011) .
Although it is argued that heavier elements' abundances are mostly homogeneous across the same open cluster, with the expectation that these abundances are unchanged during stellar evolution, only about 5 per cent of open clusters have been studied with high-resolution spectroscopy (e.g. De Silva et al. 2006 , 2007a Pancino et al. 2010; Roederer & Sneden 2011) . We re-examine the homogeneity of elemental abundances up to Ba, and that is one of the main purposes of this paper. The analysis presented in the paper will complement the upcoming large-scale highresolution multi-object surveys, such as the Galactic Archaeology with HERMES (GALAH) survey, which assumes homogeneity of elemental abundances to reconstruct ancient clusters.
OBSERVATIONS

Observations
Our sample contains 12 subgiants selected from Herzog, Sanders & Seggewiss (1975) catalogue with proper motions and photometric memberships available at the time of observation. Targets were of G-K spectral type and were selected in order to avoid rapid rotators. The enumeration of the stars are based on Herzog et al. (1975) and are listed in Table 1 .
High-resolution spectra for the selected stars were obtained using the echelle spectrograph on the Astrophysical Research Consortium (ARC) 3.5-m telescope at Apache Point Observatory. The Nasmyth-mounted echelle spectrograph provides a resolution of R ≃ 30 000 and full wavelength coverage from approximately 3 500 to 10 000Å. The typical signal-to-noise ratio of the final co-added spectra was > 100 per pixel at 5 500Å. The data reduction, including de-biasing, flat-fielding, scattered light removal, order extraction, wavelength calibration and continuum fitting, were carried out using iraf 2 echelle package. Our radial velocity measurements and subsequent spectroscopic analysis, as discussed below, show that one star in the sample, Her 85, is a non-member of the cluster. It had a radial velocity of -20.8 km s −1 , which deviates from the cluster mean velocity as well as low iron abundances ([Fe i/H]= 7.14 and [Fe ii/H]= 7.06) from our analysis. Therefore we discard Her 85 from further analysis and discussion. Table 3 . Fe, Na, and Al abundances in [X/H] format. N is the total number of lines used and σ is the total measurement uncertainty including the line-to-line scatter. 
Line lists and atomic data
To carry out the spectroscopic analysis, we employ atomic lines for Na, Al, Mg, Si, Ca, Ti, Cr, Ni, Fe and Zn, which are a subset of the line lists of Bensby, Feltzing & Lundström (2003) , to enable abundance comparison. Lines were selected to minimize line-blending, and during the analysis all blended lines were discarded from further use. The full line lists, atomic data adopted and equivalent widths (EWs) measured can be found in Appendix A. To facilitate the comparison between our study and previous studies, we use the solar abundances from Grevesse & Sauval (1998) . Different choice of solar abundances shall not have significant impact on our conclusion because the solar abundances for elements Z 12 are largely the same.
Atmospheric parameters
We determine the atmospheric parameters, e.g. effective temperature (T eff ), surface gravity (log g) and microturbulence (vt) using moog (Sneden, 2010 version) program and Kurucz models assuming local thermodynamic equilibrium (LTE). The atmospheric parameters grid was interpolated using Castelli & Kurucz (1994) . We determine the spectroscopic atmospheric parameters by an iterative manner assuming the photometric effective temperature to be initial effective temperature. The photometric effective temperature is calculated based on Alonso, Arribas & Martínez-Roger (1999) We found that photometric effective temperatures are systematically lower than the spectroscopic effective temperature, of the order of 300 K, consistent with the results from Jacobson et al. (2007) . This is most likely due to not taking into account extinction in photometry. It has also been reported that IC 4756 is subject to variable extinction (Schmidt 1978; Smith 1983 ).
Equivalent width
We measure the atomic line EWs by fitting a Gaussian profile interactively with iraf splot package. The elemental abundances were then calculated using moog adopting the Kurucz models with the best-fitting atmospheric parameters as determined spectroscopically. We make sure that, for each element, all lines give the same abundances within 0.1 dex, and discard blended lines carefully. The final lines and EWs that we use to deduce the abundances can be found in Appendix A.
We do not find any correlation between [Fe/H] or [X/Fe] versus the effective temperature as shown in Fig. 1 , except for Na. The Spearman's ρ test or Kendall's τ test always give p-value larger than 0.1, where p-value is the probability of false positive correlation. The lack of correlation of both [Fe i/H] and [Fe ii/H] with T eff suggests that our estimated atmospheric parameters are consistent in itself. However, for Na, both [Na/H] and [Na/Fe] show strong correlation with the effective temperature, with p-value less than 0.03, i.e. less than 3 per cent of chance that we will get false positive correlation. This trend might be due to unquantified analysis effects such as unknown line-blends or non-LTE (NLTE) effects (Adibekyan et al. 2012) . Our Na analysis is based on measurement of the 5682/5688 doublet and the 6154/6160 doublet. We find that both doublets give the similar result with no difference seen if we considered only one set of the lines. It is still a possibility that NLTE effects can explain the trend, where a correction would decrease the enhanced Na abundances (Shi, Gehren & Zhao 2004; Lind et al. 2011 ). This Na trend could also be due to internal mixing in the stars and we will discuss in details in Section 4.1.
We estimate the total uncertainty in elemental abundances for each star individually by combining in quadrature the line-to-line scatter for each element and the uncertainties due to the determination of three atmospheric parameters: effective temperature, surface gravity and microturbulence. For microturbulence, we vary vt until the abundances versus the EW in log scale has a slope greater than 0.05, and take this range as 1σ. We assume the 1σ uncertainties in effective temperature to be 100 K. We choose this range because our results for various independent trials of determining effective temperature are always within this range. We vary the surface gravity until the differences between [Fe i/H] and [Fe ii/H] are greater than 0.05 dex. Since there are non-trivial correlations between these three uncertainties, combining in quadrature will give us a conservative upper-limit of the total uncertainty.
Spectral synthesis
For Ba, we target the Ba ii line at 5853Å taking into account hyperfine structure and isotopic splitting adopting a solar isotopic ratio. This line is strong, unblended and not thought to be subject to NLTE effects (e.g. Mashonkina et al. 2007 ). Spectral syntheses of the respective regions were carried out using the moog synth driver. Assuming the uncertainty on microturbulence to be 0.10 (which is the upper limit for our analysis as described in Section 3.3), typical total uncertainty of the elemental abundance is of the order of 0.1 dex. The uncertainty is dominated by the uncertainty in microturbulence (about 0.08 dex), while the uncertainty due to T eff and log g is about 0.02 dex and uncertainty in the synthesis fit is about 0.05 dex.
Cluster mean abundances
In Table 3 -5, we list our abundance results in [X/H] for all studied elements. In each table, N is the total number of lines used and the σ gives the total uncertainty per star per element. Except Na, all elemental abundances show little star-to-star dispersion. However, we wish to be conservative in calculating the cluster mean abundances by taking into account the uncertainties of each star. We calculate the uncertainty in [X/Fe] by taking the quadrature of the uncertainties in [X/H] and [Fe/H] .
To calculate the [X/Fe] and [X/H] cluster mean for each element, we generate 100 000 mock data points for each observed star, for which the abundances are drawn randomly from a Gaussian distribution centred at the observed abundances with standard deviation to be the uncertainty of the observed values. The median of the combined distribution is taken to be the cluster mean and 1σ of the combined distribution is estimated to be the uncertainty. The cluster mean determined in this way almost always coincides with the arithmetic mean. Note that if we were to use rms of the star-to-star dispersion to be 1σ of the cluster mean, the uncertainty would be much smaller (σ 0.03).
RESULTS AND DISCUSSION
The derived abundances and total uncertainty per star per element are listed in Tables 3-5 . We plot our results in Fig. 2 , and overplot field stars from Reddy et al. (2003 Reddy et al. ( , 2006 , Bensby et al. (2003) and recent open cluster compilation from Carrera & Pancino (2011) 
Light odd-Z elements: Na and Al
For [Al/Fe], all stars from IC 4756 show homogeneous abundances. On the other hand, [Na/Fe] shows more intracluster star-to-star dispersion. As shown in Fig. 1 , abundances of Na are strongly dependent on the effective temperature with the two coolest stars (Her 6 with [Na/H] = 0.13 dex and Her 90 with [Na/H] = 0.04 dex) being the reason for the trend. As discussed in Section 3.3, the inhomogeneity may be explained by NLTE effects. This could, however, also be a sign of internal mixing in giants. The larger abundance scatter in Na is also consistent with the open cluster compilation values. As shown in Fig. 2 Table 5 . Same as Table 3 , but for Cr, Ni, Zn and Ba abundances: Fe-peak elements and neutron-capture elements. This study 12 giants 30 000 −0.01 ± 0.10 0.21 ± 0.15 0.12 ± 0.12 0.12 ± 0.13 0.13 ± 0.13 Pace et al. (2010) 3 giants 100 000 0.08 ± 0.11 0.11 ± 0.12 −0.12 ± 0.12 -0.02 ± 0.11 Smiljanic et al. (2009) from Andrievsky et al. (2008) and Bonifacio et al. (2009) where they argued that Al does not suffer from significant internal mixing. We chose to use neutral Ti for our analysis. It is important to note that there is a discrepancy between Ti i and Ti ii abundances. Similar effects have previously been reported for stars cooler than T eff < 5200 K (Schuler et al. 2003) . The mechanism responsible for this, known as overionization effect, is the pumping of the electrons into the ionized state due to strong UV flux of the hot chromospheres (refer to Schuler et al. 2003; D'Orazi & Randich 2009 , for a more detailed discussion on the topic). Therefore we adopt the Ti i abundance as a more reliable value.
4.3 Fe-peak elements: Cr, Ni and Zn All our Fe-peak elements are homogeneous, solar-like and show little intracluster star-to-star dispersion. As observed with Ti ii abundances, we see the effects of overionization in Cr ii as well. Therefore, we adopt the Cr i abundance, which is in the solar proportions, in agreement with the other Fepeak elements.
Neutron-capture elements: Ba
Our study shows that Ba abundance is homogeneous and solar-like. This is strikingly different from what has been observed for the similar aged Hyades open cluster, where Ba is enhanced over 0.2 dex (De Silva et al. 2006 Fig. 2 . However our analysis adopts a very similar method compared to the studies of De Silva et al. (2006 . It is therefore possible that the cluster-to-cluster dispersion (and star-to-star dispersion for field stars) in Ba abundance is real. This supports the idea that the metallicitydependence nature of s-process in AGB phase (Busso et al. 2001; Cristallo et al. 2009; Bisterzo et al. 2010 ) creates a unique neutron-capture elements imprint on the gas from which the stars form (Ting et al. 2012 ).
Comparison with previous studies
Her 85, Her 87 and Her 176 were previously studied by Luck (1994) . Similar to our analysis, Her 85 also showed some elemental abundances that do not fit into the cluster mean. As discussed in Section 2.1, Her 85 is likely a non-member of IC 4756; therefore, we exclude Her 85 to calculate the cluster mean. For Her 87, they derived T eff = 5100, log g = 2.8, vt = 2.40, and for Her 176, they deduced T eff = 5200, log g = 3.0, vt = 1.90. Furthermore, Gilroy (1989) studied Her 87, Her 144, Her 176, Her 228, Her 249, Her 296 and Her 314. Other than some discrepancies in microturbulence, the comparison with our atmospheric parameters is very satisfactory.
The comparison of elemental abundances with previous studies is listed in Table 6 . Note that, for a better comparison, we do not directly adopt the cluster mean and its uncertainty quoted in each study. Instead, we calculate the cluster mean with the same method as described in Section 3.5.
All previous studies agree on [Fe/H] 
CONCLUSIONS
We have performed a high-resolution spectroscopic abundance analysis on the intermediate-aged open cluster IC 4756, targeting abundances of Na, Al, Mg, Si, Ca, Ti, Cr, Ni, Fe, Zn and Ba for 12 subgiant cluster members. We find the cluster metallicity of [Fe/H] = −0.01 dex with abundance enhancements seen in Na, Al, Mg and Si, while all other elements are at solar level. Our study expands the total stars studied for this cluster and generally agrees well with the other literature work on this cluster.
We recover a high level of chemical homogeneity across a range of elements including odd-Z, α, Fe-peak and neutroncapture elements up to Ba. This supports the concept that stars form from well-mixed gas clouds and that the chemical imprint of the protocluster cloud is preserved within the stars. This result of high chemical homogeneity further confirms that simple stellar populations such as open clusters should be chemically homogeneous. We therefore further validate the basic requirement for chemical tagging, namely other such stellar populations which are now dispersed into the Galaxy field could be identified via chemical tracers.
As an exception, we find a larger scatter in the Na abundance. The source of this scatter is unclear although enhanced Na abundances have been observed in this cluster by others. Also the Ba abundance was found to be at the solar level, which is vastly different from the enhanced Ba abundances observed in the Hyades. Given the similar age of the two clusters and the similar abundance analysis carried out in both clusters, we find this points to a real cosmic scatter in Ba among the open cluster population.
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